Abstract. Using data from an 1 l-year field study, I determined whether group-living passerine species showed greater infestation by contact-transmitted ectoparasites (feather mites) than sympatric, solitary species. Differences in infestation by mobile hippoboscid flies between group-living and solitary passerine species were also examined. Among the 45 species included in the analysis, feather mite prevalence was significantly greater on groupliving species than on solitary ones. Two other factors investigated, bird size and migratory habit, had no effect on infestation levels. Similar results were obtained when the analysis was performed on all species outside the most species-rich family (Fringillidae), or only within the family Fringillidae itself. An analysis at the family level also suggested greater feather mite infestations in families made up only of group-living species as opposed to families including only solitary species; however, the difference was not significant. No differences were observed in hippoboscid fly abundance between group-living and solitary passerines, in all analyses at either the species or family level. These results suggest that individuals of group-living species incur a greater risk of acquiring contact-transmitted ectoparasites than individuals of solitary species, a cost which may not be negligible.
INTRODUCTION
cur a greater risk of acquiring contact-transmitted ectoparasites (e.g., fleas, ticks, or mites) than individuals of solitary species. By aggregating, individuals of group-living species come into contact with more infested conspecifics (or heterospecifics) than individuals of solitary species, thus increasing their probability of acquiring parasites themselves. However, there should be no differences between group-living and solitary species in infestation by more mobile ectoparasites, such as blood-sucking flies. These flies are not transmitted through contact between different hosts, but can Ily from one host to another over distances comparable to those separating solitary birds. Thus, I do not expect group-living species to incur a greater risk of parasitism by these flies than solitary species. There is even evidence from studies on mammals parasitized by blood-sucking flies, that forming a group may reduce the risk of individual animals of being attacked (Freeland 1977, Duncan and Vigne 1979, Rutberg 1987, and Rubenstein and Hohmann 1989).
Here, I test these ideas using published data from an 11 -year field study on the occurrence of feather mites (Acarina: Proctophyllodidae) and hippoboscid flies (Diptera: Hippoboscidae) among birds of Ventura County, California (McClure 1984 (McClure , 1989 I limited the analysis to passerine birds (order Passeriformes) only, since they were by far the most abundant and diverse group. The analysis was carried out at both the species and family levels, to determine whether phylogeny influenced the observed infestation patterns. A relationship found across a higher taxonomic level that is repeated at the species level is unlikely to be due to phylogenetic effects (Page1 and Harvey 1988). Furthermore, I excluded from the data set all species for which less than 10 individuals had been examined, as estimates of their levels of infestation were considered unreliable. A total of 45 species (listed in Table 1 along Table 1 ). All the group-living species aggregate outside the breeding season, while only four are social breeders.
In addition, I determined whether two other variables, which can influence ectoparasite populations, had any effect on the levels of infestation in the different species. The first variable was bird size, since the number of attachment sites for mites on feathers and for flies on the body probably increases with size of the host. Sizes, i.e., length from the tip of the bill to the end ofthe tail, were obtained from Pough (1957). The second variable investigated was migratory habit, i.e., whether the species is a permanent resident of the study area or is only present for a few months before migrating elsewhere. It has been suggested that host migration may reduce feather mite populations (see McClure 1989) thus possibly influencing the prevalence of mite infestations on a given bird species. McClure (1989) lists species which are permanent residents in Ventura County and those that are migrants. Of the species included in the present analysis, 24 were permanent residents and 2 1 were migrants (for flies, the numbers were 23 and 17, respectively). group-living species had a greater mean mite prevalence than solitary ones (Fig. 1) . Migratory habits (F = 0.527, df = 1, 41; NS) and the interaction between social behavior and migratory habits (F = 0.65 1, df = 1, 41; NS) had no effect on mite prevalence. Since a prevalence of zero might indicate lack of exposure to feather mites and not lower susceptibility, I repeated this analysis after removing the eight species with a zero prevalence. The analysis gave the exact same results, again showing greater mite prevalence in group-living species (25.3 + 18.0%) than in solitary ones (8.8 + 7.5%).
RESULTS
The mean relative abundance of flies on groupliving species was slightly greater than that on solitary species (Fig. 1) . However, this difference is not significant, as I found no effect of social behavior on the abundance of hippoboscid flies (P = 0.501, df = 1, 36; NS). In addition, I observed no effect of migratory habits (F = 0.675, df = 1, 36; NS) and of the interaction between I also compared infestation levels between group-living and solitary species within the family Fringillidae only, the best represented family which included 13 group-living species and three solitary ones. Feather mite prevalence was significantly greater in group-living (30.3 rt 17.1%) than in solitary (6.2 f 2.0%) species (one-tailed t-test; t = 2.638, df = 14, P < 0.01). No significant difference was observed in the abundance of flies between these two groups (two-tailed t-test; t = 0.635, df = 14, NS). These comparisons were also made between group-living and solitary species belonging to all families but Fringillidae, thus excluding the only species-rich family which might have influenced the results of the earlier analyses. Again, group-living birds showed a greater mite prevalence (15.7 + 17.8%) than solitary ones (6.2 + 8.1%) and the difference was significant (one-tailed t-test; t = 2.018, df = 27, P < 0.05), while I observed no differences in fly abundance (two-tailed t-test; t = 1.543, df = 22, NS). The analysis at the family level included only families (14 out of 16) that were made up entirely ofeither group-living or solitary species. The speties-rich Fringillidae, which might have influenced the general patterns at the species level, were thus excluded. Mean infestation levels were computed for each family by averaging the species values. No significant difference was found in feather mite prevalence between group-living families and solitary ones (one-tailed t-test; t = 1.245, df = 12, NS), although group-living families had an average prevalence more than twice that of solitary families (17.4 f 20.7% vs. 7.2 + 9.6%). Finally, I found no difference (two-tailed t-test; t = 0.658, df = 11, NS) in fly abundance between group-living families and solitary ones.
DISCUSSION
The above results support the predictions tested in the present study, that group-living passerine species, as opposed to solitary ones, show higher infestation by contact-transmitted ectoparasites (feather mites), but not by flying or mobile ectoparasites (hippoboscid flies). Since the results of the analysis on mite prevalence performed at the family level were not quite significant, it is possible that infestation levels are also influenced by a species' phylogenetic history and its coevolution with parasites. However, the parasites studied here are not very host-specific, and the role of social behavior appears undeniable. Other variables are probably important also; although host size and migratory habits showed no effects in this study, McClure (1984 McClure ( , 1989 reports that mite and fly infestations were affected by seasons.
It is interesting to look at feather mite prevalence in the other groups of birds examined by McClure (1989) . He reports no infested individuals in two groups of mostly solitary birds, the Falconiformes (three species, 12 = 10 individuals sampled) and the Apodiformes (five species, n = 164). However, in woodpeckers (order Piciformes), another group of solitary birds, no infested birds were found in four species (n = 26), while the other two species captured had an average mite prevalence of 30.4% (n = 68). In addition, no infested birds were found among Columbiformes (five species, n = 3,342), a group of birds known to feed in flocks. A look at fly abundance in other groups of birds shows that no flies were observed on Falconiformes, Apodiformes, and Piciformes, while some were found on Columbiformes (McClure 1984). Obviously, comparisons among higher taxa are complicated by phylogenetic history and difficult to make with confidence; however, it is possible that the pat-
